The management of advanced prostate cancer remains challenging. Traditionally, radical prostatectomy was discouraged in patients with locally advanced or node positive disease owing to the increased complication rate and treatment related morbidity. However, technical advances and refinements in surgical techniques have enabled the outcomes for patients with high risk prostate cancer to be improved. More recently, the concept of cytoreductive prostatectomy has been described where surgery (often Combined with an extended lymph node dissection) is performed in the setting of metastatic disease. Indirect evidence suggests an advantage using the cytoreductive approach. Hypothetical explanations for this observed benefit include decreased tumour burden, immune modulation, improved response to secondary treatment and avoidance of secondary complications attributable to local tumour growth. Nevertheless, prospective trials are required to investigate this further.
Prostate cancer remains one of the most important cancers in men in Europe as it continues to be a leading cause of death. 1 It manifests as a spectrum of disease from indolent, slow growing, low grade tumours to high grade, aggressive neoplasms with metastasis. Given this heterogeneity, from a clinical perspective, the disease is often stratified into risk groups to guide management. Multiple algorithms are available for risk stratification but the classification based on D'Amico et al (based on prostate specific antigen [PSA] , biopsy and digital rectal examination) is commonly used in clinical practice. 2 It is well recognised that patients in the high risk group (clinical stage ≥T2c, PSA 10-20ng/ml, biopsy Gleason score ≥8) are likely to develop biochemical recurrence after initial therapy and a multimodal approach for patients in this group is increasingly considered. 3 Traditionally, patients with locally advanced disease were not offered radical prostatectomy (RP) as reports documented that extension of tumour into the rhabdosphincter, rectal wall and seminal vesicles were associated with poor oncological outcome, and were often accompanied by surgical complications that could be life threatening. 4 However, technical advances and refinements in surgical techniques have enabled the outcomes for patients with high risk prostate cancer to be improved in terms of both cancer control and the reduction of the morbidity associated with treatment. 5, 6 On the other hand, in the setting of metastatic disease, androgen deprivation therapy (ADT) has remained the mainstay of treatment. One concept that has received some attention recently and continues to be debated is that of cytoreductive prostatectomy, which involves surgical removal of the prostate in the setting of metastatic disease. 7 This notion is borrowed from therapeutic outcomes in other cancers where improved survival rates have been noted using a cytoreductive approach, for instance in metastatic renal cancer, where cytoreductive nephrectomy has been shown to carry a survival benefit. 8 With advances in surgical technique and staging, there has been some limited evidence suggesting a possible role for cytoreductive surgery in metastatic prostate cancer. 9 In this paper, we explore the expanding role of surgery for locally advanced prostate cancer and examine the evidence for RP in the presence of metastatic disease. Studies on this topic are summarised in Table 1 .
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Radical prostatectomy for T3/4 N0 M0 disease
Locally advanced prostate cancer is characterised by extracapsular extension including microscopic bladder neck involvement (pT3a), invasion of the seminal vesicles (pT3b) or invasion of other adjacent organs (T4). 23 Owing to various definitions of high risk disease and the range of quality of published reports, it is difficult to compare outcomes across the literature. A retrospective study at a single institution identified 842 men who had RP for cT3 disease, and survival analysis showed that freedom from local or systemic disease at 5, 10 and 15 years was 85%, 73% and 67%, with the respective cancer specific survival (CSS) rates of 95%, 90% and 79%. 16 The authors also found that the mean time to adjuvant therapy after RP was not significantly different between men with cT3 and those with cT2 disease (4.0 vs 4.3 years).
Another study of over 2,000 men treated by RP identified 235 patients (10.3%) with unilateral cT3a disease by digital rectal examination.
14 Of those, 56% received adjuvant or salvage therapy. The ten-year overall survival (OS) and CSS rates were 77.0% and 91.6% respectively. Those findings suggested that in locally advanced prostate cancer, RP (with adjuvant or salvage treatment when needed) achieved high cancer control rates on long-term follow-up. In a 20-year follow-up study of 843 men who underwent RP for cT3 tumours between 1987 and 1997, Mitchell et al reported local recurrence free and CSS rates of 76% and 81% respectively. 10 Joniau et al studied 51 patients with cT3b-T4 disease undergoing RP. 11 The OS and CSS rates at ten years were 72.5% and 70.7% respectively, with an overall positive margin rate of 62.7%. An analysis of the US National Cancer Institute's Surveillance, Epidemiology and End Results (SEER) database revealed that patients who underwent RP for cT4 prostate cancer had increased survival compared with patients who received radiotherapy alone or hormone therapy alone and had a survival comparable with that of patients who received radiotherapy plus hormone therapy. 15 Of the 1,093 patients with cT4 disease over a 7-year period, observed and relative survival rates were highest among patients who underwent RP. The increased use of RP for locally advanced disease was highlighted in a population-based study of over 3,000 patients aged ≥66 years with cT3 or cT4 non-metastatic prostate cancer diagnosed between 1998 and 2005. 12 The authors found that 48% received monotherapy (radiotherapy alone, ADT alone or RP alone) and interestingly, the proportion of patients who received RP increased over time, exceeding 10% in 2005. In summary, those studies show that compared with traditional series, contemporary case series of RP in high risk prostate cancer have reported improved ten-year CSS and biochemical recurrence free survival. In addition, outcomes of multimodal RP for locally advanced disease appear equivalent to radiotherapy without the need for long-term adjuvant ADT. 13, 24 Radical prostatectomy for node positive disease RP can improve progression free survival and OS in node positive prostate cancer although there is a lack of high level evidence. Consequently, the former practice of aborting surgery in the presence of positive nodes might no longer be supported by current evidence, especially in patients with a limited lymph node tumour burden. 25 Initial data suggesting a prognostic benefit were reported in a retrospective series of 139 patients staged pN1-N3M0 at RP. 20 In 52 patients, it was decided intraoperatively to proceed with RP and in the remaining 87, the procedure was discontinued. The latter group experienced significantly higher progression rates and lower ten-year OS and CSS rates than the RP treated group. Boorjian et al studied 507 men treated with RP who had positive lymph nodes. 18 Overall, 90% were treated with adjuvant hormonal therapy. At a median of 10.3 years following surgery, the 10-year CSS rate for patients with positive lymph nodes was 85.8%, with 56% of the men free from biochemical recurrence. Adjuvant hormonal therapy decreased the risk of biochemical and local recurrence but was not associated with CSS.
Further data from the Munich cancer registry (1988-2007) identified 1,413 patients with node positive prostate cancer. 17 In 456 of these cases, prostatectomy was abandoned but the other 957 patients underwent RP despite the node positive finding. The OS rate at ten years was 64% among patients who underwent RP but only 28% among those who did not. Multivariate analysis showed that RP was a strong independent predictor of survival (hazard ratio [HR]: 2.04, 95% confidence interval [CI]: 1.59-2.63, p<0.0001). These data highlight the survival benefit of RP even in node positive disease. A systematic review to investigate whether local treatment of the prostate in advanced and/or lymph node metastatic disease improved the efficacy of ADT found that data from randomised trials highlighted a clinically important survival benefit (HR for OS: 0.69, 95% CI: 0.61-0.79) when local treatment (including RP) had been applied to the primary tumour. 26 It would therefore appear that the local therapy in T3 and/or node positive disease is an essential part of the optimal treatment. However, the chance to achieve long-term survival with RP alone for node positive stages is limited, and has been reported to vary between 10% and 14%. 19 Increasing evidence suggests that RP and extended pelvic lymph node dissection (including the common iliac arteries) improve survival in node positive prostate cancer. A multimodal approach to therapy in this group could lead to long-term improved survival and even cure in selected patients. 25 
Cytoreductive prostatectomy
Indirect evidence supports the concept that removing the bulk of the tumour in metastatic disease impacts on the response to systemic therapy. 27 Culp et al evaluated the role of definitive local treatment (RP or brachytherapy [BT]) in patients with metastatic cancer of the prostate. 21 They conducted a retrospective analysis of a 7-year period (2004-2010) with 8,185 men from the SEER database. By comparing patients undergoing RP (n=245) or BT (n=129) with those not receiving surgery or radiation (NSR) (n=7,811), they found that men with metastatic disease who underwent RP or BT had significantly better disease ADT = androgen deprivation therapy; PSA = prostate specific antigen; RP = radical prostatectomy; RPLND = retroperitoneal lymph node dissection specific survival (DSS) and OS rates than the NSR group (5-year DSS: 75.8% vs 61.3% vs 48.7% respectively; 5-year OS: 67.4% vs 52.6% vs 22.5% respectively). While limitations of this study included its retrospective non-randomised design as well as a lack of information regarding adjuvant and salvage treatments, it does encourage us to re-examine the role of definitive primary treatment in the setting of metastatic prostate cancer. 28 In a secondary analysis of the Southwest Oncology Group Study 8894, the authors found that patients who had undergone RP and subsequently developed metastatic disease had a significantly better survival (HR: 0.77, 95% CI: 0.53-0.89) than those who did not have the procedure. 22 A feasibility study from 2015 investigated cytoreductive prostatectomy in patients with low volume metastasis. Heidenreich et al compared 23 patients with biopsy proven prostate cancer (minimal osseous metastases, absence of visceral or extensive lymph node metastases and PSA decrease to <1.0ng/ml after neoadjuvant ADT) who underwent RP with a group of 38 men with metastatic prostate cancer who were treated with ADT without local therapy. 9 The authors found that the median time to castration resistant prostate cancer was 40 months in the RP group and 29 months in the ADT group. Patients in the RP group also experienced significantly better clinical progression free survival (38.6 vs 26.5 months) and higher CSS rate (95.6% vs 84.2%) but OS was similar.
One of the concerns from oncologists regarding RP in the context of metastatic disease has been the lack of evidence of benefit so far. The fundamental oncological principle in treating metastatic prostate cancer patients systemically rather than locally is that malignant tumour cells have already entered the systemic circulation and established metastatic sites. As a result, local therapy to the prostate has potential for harm without a clearly defined benefit.
With limited evidence, robust prospective trials are required to further evaluate the place of cytoreductive prostatectomy. While hypothetical explanations for this observed benefit can be many (decreased tumour burden, immune modulation, improved response to secondary treatment, avoidance of secondary complications attributable to local tumour growth), 7, 9, 28 it still remains to be seen whether these findings can be replicated in prospective trials. The TRoMbone (Testing Radical prostatectomy in men with prostate cancer and oligoMetastases to the bone) trial was set up as a multicentre study to test the feasibility of randomising men with oligometastatic prostate cancer (1-3 skeletal lesions, no visceral lesions) to either treatment-asusual (ADT) or treatment-as-usual plus RP (including extended pelvic lymphadenectomy). 29 The primary outcome measure is feasibility to randomise, measured at six months. The trial started in early 2016 and is due to finish in April 2017. Another trial investigating the impact of RP as primary treatment in patients with prostate cancer with limited bone metastases is also currently recruiting. 30 This study includes patients with newly diagnosed prostate cancer, and at least one and at most five bone metastases in imaging tests at diagnosis with no evidence of visceral metastasis. Patients are randomised either to ADT plus RP with extended lymphadenectomy or to ADT alone. The primary outcome measure is CSS at five years. The study started in May 2015 and is expected to run until April 2025. A further multicentre, randomised phase 2 trial is underway in North America. 31 This study is investigating best systemic therapy versus best systemic therapy plus definitive local therapy (radiation or surgery) of the primary tumour in metastatic prostate cancer. These three trials will be informative in identifying the role of surgery in the context of metastatic prostate cancer but as they are still in the early stages, it may be years before the level 1 evidence emerges.
Conclusions
There is accumulating evidence for the benefit of RP for locally advanced disease as first line therapy in selected cases or as part of a multimodal approach. Indirect evidence supports the concept of cytoreductive prostatectomy although this needs to be investigated in prospective trials.
